Rationale Mesolimbic dopamine (DA), particularly in the nucleus accumbens, importantly regulates activational aspects of maternal responsiveness. DA antagonism and accumbens DA depletions interfere with early postpartum maternal motivation by selectively affecting most forms of active maternal behaviors, while leaving nursing behavior relatively intact. Considerable evidence indicates that there is a functional interaction between DA D2 and adenosine A 2A receptors in striatal areas, including the nucleus accumbens. Objective This study was conducted to determine if adenosine A 2A receptor antagonism could reverse the effects of DA receptor antagonism on early postpartum maternal behavior. Methods The adenosine A 2A receptor antagonist MSX-3 (0.25-2.0 mg/kg, IP) was investigated for its ability to reverse the effects of the DA D2 receptor antagonist haloperidol (0.1 mg/kg, IP) on the maternal behavior of early postpartum female rats. Results Haloperidol severely impaired the expression of active maternal components, including retrieval and grouping the pups at the nest site, pup licking, and nest building. Co-administration of MSX-3 (0.25-2.0 mg/kg, IP) with haloperidol produced a dose-related attenuation of the haloperidol-induced behavioral deficits in early postpartum females. Doses of MSX-3 that effectively reversed the effects of haloperidol (0.5, 1.0 mg/kg), when administered in the absence of haloperidol, did not affect maternal responding or locomotor activity. Conclusions Adenosine and DA systems interact to regulate early postpartum maternal responsiveness. This research may potentially contribute to the development of strategies for treatments of psychiatric disorders during the postpartum period, with particular emphasis in maintaining or restoring the mother-infant relationship.
outcome (Goodman and Gotlib 1999; Lyons-Ruth 2008) . Symptoms related to reduced behavioral activation such as impaired motivational arousal and energy-related dysfunctions like psychomotor slowing, anergia, and fatigue are well-recognized aspects of postpartum depression (Paris et al. 2009; Weinberg and Tronick 1998) , and are typical side effects of commonly used antipsychotic treatments for postpartum psychosis and schizophrenia (Bosanac et al. 2003) . Importantly, it is recognized that these symptoms have profound disruptive effects on the quality of maternal behavior (Bosanac et al. 2003; Campbell et al. 2007; Field 2010; Murray et al. 1996; Wan and Green 2009) . Specifically, mothers with such symptoms show a lack of attunement to their child's particular needs and signals, are less proactive, and are less likely to engage in social contact with their infants relative to healthy mothers (Carter et al. 2001; Jameson et al. 1997) .
Impairments in behavioral activation and energy-related functions in humans, which are evident in depression and other psychiatric disorders, are associated with diminished dopamine (DA) neurotransmission (D'Aquila et al. 2000; Demyttenaere et al. 2005; Dunlop and Nemeroff 2007; Stahl 2002) . Preclinical studies indicate that DA neurotransmission, particularly in the nucleus accumbens (NA), is a critical component of the brain circuitry regulating behavioral activation and effort-related processes involved in the performance of motivated behavior (Floresco et al. 2008; Ikemoto and Panksepp 1999; Salamone et al. 2006) . Manipulation of accumbens DA powerfully influences the exertion of effort in motivated behavior, and alters effortrelated decisions that are based upon cost-benefit analyses (Aberman and Salamone 1999; Bardgett et al. 2009 ).
In common with other motivated behaviors, the activational aspects of rat maternal behavior depend upon accumbens DA neurotransmission. Release of DA in the NA of postpartum female rats, as measured by in vivo neurochemical procedures, was reported to be enhanced during maternal interactions with pups (Champagne et al. 2004; Hansen et al. 1993) . On the other hand, interference with DA neurotransmission, following either depletion of accumbens DA, as well as both systemic and intra-NA administration of relatively low doses of either DA D1 or D2 receptor antagonists, all selectively and severely disrupt most forms of active maternal behaviors in early postpartum female rats, including retrieval and grouping of the pups at the nest site, pup licking, and nest building, while general motor abilities remain unaffected. In contrast, such manipulations fail to impair, or even facilitate, nursing behaviors. Furthermore, the time postpartum females spend in close contact with the pups is not affected by DA antagonism and accumbens DA depletions, indicating that the mothers remain directed toward approaching the pups and maintaining physical contact with them (Hansen et al. 1991a,b; Numan et al. 2005; Pereira and Ferreira 2006; Silva et al. 2003) .
Notably, the behavioral deficits related to DA dysfunction observed in postpartum mother rats resemble those of depressed and antipsychotic-treated human mothers. Moreover, postpartum Flinders sensitive line (FSL) female rats, a genetic animal model of depression (Overstreet 1993) , showed reduced expression of active maternal behaviors correlated with reduced accumbens DA release while interacting with their pups compared to control mother rats (Lavi-Avnon et al. 2008) . Furthermore, systemic treatment with clinically relevant doses of commonly used typical and atypical antipsychotics similarly disrupted active components of early postpartum maternal behavior in female rats (Li et al. 2004) .
Recent studies have focused upon the involvement of the purine nucleoside adenosine and adenosine A 2A receptors in functions associated with the DAergic system, including motor, cognitive, and motivational processes Mingote et al. 2008a; O'Neill and Brown 2006; Pinna et al. 2005; Salamone and Correa 2009 ). Adenosine A 2A receptors are almost exclusively concentrated in striatal areas, including the NA, particularly on the dendrites of GABAergic striatopallidal neurons (Schiffmann et al. 1991) , where they are predominantly co-localized with DA D2 receptors (DeMet and Chicz-DeMet 2002; Fink et al. 1992; Hettinger et al. 2001) . Considerable evidence indicates that there is a functional antagonistic interaction between DA D2 receptors and adenosine A 2A receptors at the cellular level (Chen et al. 2001; Ferré 1997; Fuxe et al. 2003; Svenningsson et al. 1999) . Recent studies have begun to examine the role of DA-adenosine receptor-receptor interactions in behavioral procedures that assess activational aspects of motivation. For instance, adenosine A 2A antagonism has been shown to reverse the behavioral effects of DA antagonism on behavioral output and effortrelated decision-making using instrumental tasks that involve food-seeking behaviors (Farrar et al. 2010; Mott et al. 2009; Worden et al. 2009 ). Furthermore, injections of the adenosine A 2A agonist CGS 21680 into the NA produced behavioral deficits that closely resembled those of accumbens DA depletion or antagonism (Barraco et al. 1993; Font et al. 2008; Mingote et al. 2008a) .
Based upon these studies of DAergic involvement in maternal behavior, and recent findings showing a specific involvement of A 2A receptors in the modulation of DAmediated mesolimbic functions, the present study was conducted to examine the role of DA/adenosine A 2A receptor interactions in maternal responsiveness. To this aim, the selective adenosine A 2A receptor antagonist MSX-3 was assessed for its ability to reverse the behavioral effects on early postpartum maternal behavior induced by the DA receptor antagonist haloperidol, a reference antipsychotic currently in clinical use.
Materials and methods

Animals
Primiparous postpartum Sprague-Dawley female rats (original stock from Charles River Laboratories, Kingston, NY, USA), bred in our colony at the AAALAC-accredited Rutgers University Laboratory Animal Facility, were used in this study. Pregnant females were housed in individual transparent cages (48.5 cm long×38.5 cm wide×20.5 cm high) lined with fresh woodchip bedding (Beta chip, Northeastern Products, Warrensburg, NY, USA) and containing shredded paper towels as nest-building material. The floors of these cages were divided into four equal compartments by 5-cm-high Plexiglas dividers. All females were kept on a 12-h light/dark cycle (light on at 0700 AM) at 22±1°C, with ad libitum access to water, rat chow (PMI Lab Diet 5008, Nutrition International, LLC, Brentwood, MO, USA) and sunflower seeds. On postpartum day 1 (birth=day 0), litters were culled to four male and four female pups per dam. All animal care and experimental procedures performed in this study followed the "Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral Research" (National Research Council 2003) , and were reviewed and approved by the Rutgers University Animal Care and Facilities Committee.
Pharmacological agents and selection of doses
Haloperidol (Sigma Chemical, St. Louis, MO, USA) was dissolved in a 0.3% tartaric acid solution (pH=4.0), which also was used as the vehicle condition for haloperidol. The haloperidol dose and injection time (0.1 mg/kg IP; 50 min before testing) chosen for the present study were selected on the basis of previously published reports, showing that this dose effectively disrupts active maternal behaviors, but does not induce locomotor suppression or cataleptic effects (Li et al. 2004; Pereira and Ferreira 2006; Stern and Keer 1999) . Furthermore, at this dose, haloperidol is highly selective for DA D2 receptors, as demonstrated by ex vivo and in vivo binding studies (McCormick et al. 2010; Schotte et al. 1996; Zhang and Bymaster 1999) , producing striatal DA D2 receptor occupancy levels (50-70%) in rodents that are consistent with occupancy levels observed with clinically effective doses of commonly used antipsychotics in humans (Kapur et al. 2003) .
The adenosine A 2A receptor antagonist prodrug MSX-3 ((E)-phosphoric acid mono- [3-[8-[2-(3-methoxyphenyl) vinyl]-7-methyl-2,6-dioxo-1-prop-2-ynyl-1,2,6,7-tetrahydropurin-3-yl]propyl] ester) was synthesized in the laboratory of Christa E. Müller (Hockemeyer et al. 2004 ) at the Pharmazeutisches Institut, Universität Bonn (Bonn, Germany). MSX-3 is also commercially available from Sigma.
MSX-3 (free acid) was dissolved in 0.9% saline, and the pH of the MSX-3 solution was adjusted by adding 1.0 N NaOH until the drug was completely in solution (pH 7.4-7.8). Doses of MSX-3 were selected on the basis of previous research Worden et al. 2009 ) and on pilot studies.
Experimental design
Effects of MSX-3 on haloperidol-induced maternal behavior deficits in early postpartum female rats This study investigated the ability of the adenosine A 2A receptor antagonist MSX-3 (0.25-2.0 mg/kg, IP) to reverse the behavioral impairments in early postpartum maternal behavior induced by 0.1 mg/kg IP of the DA receptor antagonist haloperidol.
All behavioral testing was conducted on postpartum day 7, during the light phase of the light/dark cycle. Separate groups of postpartum females were randomly assigned to receive only one of the following treatments: Fifty minutes before the test, postpartum females were removed from their cages, received the first injection, either haloperidol or the same volume of corresponding vehicle, and were immediately returned to their home cage. Thirty minutes later, both mother and litter were removed, the mothers received the second injection treatment, either MSX-3 or the same volume of corresponding vehicle, and they were immediately returned to their home cage. The eight-pup litters were individually housed in small cages until testing.
Maternal behavior testing
At the beginning of the test, 20 min after the second injection, each female's eight-pup litter was scattered in the home cage opposite the female's nest site. The frequency of each of the following maternal behavioral components was continuously recorded for 30 min: retrievals of the pups into the nest, mouthings (oral repositioning of the pups into the nest), full body and anogenital lickings, and nest building. In addition, the total duration of huddling behaviors, including hovering over the pups in the nest while actively performing other behaviors (i.e., licking of pups or self grooming), and the nursing posture kyphosis, a quiescent upright crouching over pups were recorded. Total time in contact with pups was the summed durations of huddling plus nursing behaviors. Also, the latencies to begin retrieving pups, to reunite of the entire litter into the nest, and to begin hovering over and nursing were registered. The latency to begin hovering over or nursing the pups was the first occurrence of a bout of each behavior ≥2 min in duration. A latency of 1,800 s was given for any category of behavior that was not initiated within the 30-min observation period.
Other behaviors recorded included general exploration (line crosses and rearings), self-grooming, and eating/drinking.
Statistical analyses
Maternal behavior data are expressed as median (semiinterquartile ranges [SIQR]). As variances were not homogeneous, data were analyzed by means of non-parametric tests (Siegel 1956 ). Kruskal-Wallis one-way analysis of variance by ranks was used first for comparisons of multiple independent groups, and if an overall significant difference was detected, Mann-Whitney U tests were conducted to estimate differences between pairs of groups. Statistical significance in all cases was P<0.05, two-tailed probabilities.
Results
Haloperidol severely impaired active components of early postpartum maternal behavior Early postpartum females receiving haloperidol treatment exhibited severe deficits in their active maternal behaviors. As shown in Fig. 1 , haloperidol-treated postpartum females (HP/VEH, n=10) exhibited significantly fewer retrievals (HP/VEH vs VEH/VEH: U=3.5, P<0.001; Mann-Whitney U test) and mouthings (U=1.5, P<0.001) compared to the vehicle-treated control group (VEH/VEH, n=11). In fact, following haloperidol treatment, only one of the 10 postpartum females completed retrieving and grouping the pups into the nest; four of 10 did not retrieve any pups, and the remaining five retrieved ≤4 pups of their eight-pup litter. This is in contrast to vehicle-treated postpartum females who all completed retrieving and grouped the entire litter into the nest (1/10 vs 11/11, respectivelyFisher exact probability test P<0.05). The number of corporal (U=0.0, P<0.001) and anogenital lickings (U= 0.0, P<0.001) was also dramatically reduced, and nest building was virtually absent (U = 0.0, P < 0.01) in haloperidol-treated females, highly contrasting with the typical levels exhibited by early postpartum control females (Fig. 1) .
Haloperidol facilitated nursing behaviors
Although the majority of haloperidol-treated postpartum females did not group their pups into the nest, they did approach and investigate them, and eventually hovered over the pups and nursed them. Females in both groups spent a similar total amount of time in contact with their pups (U= 54.0, P= ns); however, administration of haloperidol resulted in a more rapid onset (U=2.0, P<0.001) and a longer duration of nursing (U=13.0, P<0.01) compared to vehicle (Table 1 ). There were no significant differences between haloperidol-treated and vehicle control groups for any other behavior measured, including general locomotor activity, as measured by line crosses across the different quadrants of the test cage (HP/VEH vs VEH/VEH:U=33.0, P=ns; Mann-Whitney U test), rearings (U=46.5, P=ns), and self-grooming (U=42.0, P=ns) ( Table 1) .
MSX-3 dose-dependently reversed the haloperidol-induced disruption of early postpartum maternal behavior As shown in Fig. 1 , co-administration of MSX-3 with haloperidol produced a statistically significant dose-related increase in all active components of maternal behavior relative to the haloperidol-treated postpartum group (HP/VEH vs HAL/0.5-2.0 MSX-3: all Ps<0.05; Mann-Whitney U test). Specifically, females receiving the lowest dose of MSX-3 (HP/0.25 MSX-3, n=9) exhibited a partial reversal of the effects of haloperidol, with mean number of behaviors between those of HP/VEH-and VEH/VEH-treated postpartum groups. Co-administration of 0.25 mg/kg of MSX-3 with haloperidol increased the number of all active maternal behaviors of postpartum females compared to the haloperidol-treated group (HP/0.25 MSX-3 vs HP/VEH, all Ps<0.05; Mann-Whitney U test). Furthermore, all the postpartum females receiving 0.25 mg/kg of MSX-3 along with haloperidol retrieved pups, five of nine completed retrieving and grouping the pups into the nest, and the remaining four retrieved ≤5 pups of their eight-pup litter, in contrast to the haloperidol-treated group (5/9 and 1/10, respectively; Fisher exact probability test P<0.05). Thus, the latency to begin (U=17.5, P<0.05) and to complete (U= 22.0, P<0.05) retrieving was significantly shorter in those haloperidol-treated females receiving 0.25 mg/kg MSX-3 than vehicle. On the other hand, this dose of MSX-3 was not sufficient to completely restore behaviors to levels characteristic of early postpartum females (HP/0.25 MSX-3 vs VEH/VEH: all Ps<0.05-Mann-Whitney U test; percentage of mothers grouping all their pups 5/9 and 11/11, respectively-Fisher exact probability test P<0.05). The remaining three doses of MSX-3, 0.5, 1.0, and 2.0 mg/kg (n=10, n= 8 and n=7, respectively), effectively reversed the behavioral deficit in all active maternal components induced by Mann-Whitney U test- Fig. 1 ).
In addition to reversing the effects of haloperidol on active components of maternal behavior, co-administration of MSX-3 with haloperidol also produced a dose-related reversal of the haloperidol-induced effects on hovering over and nursing behaviors (Table 1) . Thus, following MSX-3 administration, haloperidol-treated postpartum females dose-dependently increased the duration of hovering over and consequently decreased the duration of nursing, with the 1.0 mg/kg dose of MSX-3 completely reversing haloperidol-induced effects to levels characteristic of control postpartum females (HP/1.0 MSX-3 vs HP/VEH: both Ps<0.05 and HP/1.0 MSX-3 vs VEH/VEH: both Ps=ns; Mann-Whitney U test- Table 1) .
Only the highest dose of MSX-3 used, however, had minor motor stimulant effects on haloperidol-treated postpartum females, such as increased line crosses (VEH/VEH vs HP/2.0 MSX-3: U=4.0, P<0.01; Mann-Whitney U test) and rearings (U=6.0, P<0.01), compared to the vehicle-treated control group. This increased exploratory behavior mostly affected nursing behaviors by reducing the time females spent nursing their pups (U=16.0, P<0.05) compared to the control group. Furthermore, at 2.0 mg/kg, MSX-3 induced the expression of mild oral stereotypy, mostly sniffing, in four of seven haloperidol-treated females, although this did not appear to be disruptive to maternal behavior.
Effects of MSX-3 alone on early postpartum maternal behavior As shown in Fig. 2 , administration of either 0.5 or 1.0 mg/kg of MSX-3 alone (without co-administration of haloperidol; n=7 and n=7, respectively) had no effect on any maternal component measured (Fig. 2 and Table 2 ). Thus, early postpartum females receiving either dose of MSX-3 exhibited full maternal behavior that was not different from the control group (VEH/VEH vs VEH/0.5 or 1.0 MSX-3: all Ps=ns; Mann-Whitney U test).
As was the case when co-administered with haloperidol (see above), the highest dose of MSX-3 (2.0 mg/kg, n=7) increased line crosses (VEH/VEH vs VEH/2.0 MSX-3: U= 0.5, P<0.05; Mann-Whitney U test), rearings (U=3.0, P< 0.05), and self-grooming (U=1.5, P<0.05), and induced stereotyped sniffing when administered in the absence of haloperidol (Table 2 ). This increase in exploratory behavior significantly affected the latency and duration of huddling and nursing behaviors. Specifically, the latency to begin nursing (U=2.0, P<0.001) was significantly longer, while the total time spent with the litter (U=9.0, P<0.01) and time spent nursing (U=0.0, P<0.001) were significantly shorter compared to the control group.
Discussion
The present study demonstrates that the adenosine A 2A receptor antagonist MSX-3 completely reversed the disruptive effects of the DA D2 antagonist haloperidol on early postpartum maternal responsiveness. In agreement with previous findings (Pereira and Ferreira 2006; Silva et al. 2001; Stern and Keer 1999) , a low, sub-cataleptic dose of haloperidol produced a substantial disruption in all active components of maternal behavior, while facilitating nursing behavior. Co-administration of the adenosine A 2A receptor antagonist MSX-3 with haloperidol dose-dependently increased and eventually completely restored all active components of maternal behaviors to levels characteristic of early postpartum. The intermediate doses of MSX-3 (0.5 and 1.0 mg/kg) also reversed the increase in nursing behaviors induced by haloperidol. Thus, the effect of haloperidol was to decrease all active components of maternal behavior while concurrently facilitating nursing behavior, and MSX-3 substantially attenuated both effects.
The highest dose of MSX-3 used in the present study (2.0 mg/kg) produced mild locomotor stimulation in postpartum females, slightly increasing exploratory behaviors and inducing very mild oral stereotypies, mostly sniffing, which consequently affected maternal behavior. Consistent with this finding, it has been reported that systemic and intra-accumbens injections of adenosine A 2A receptor antagonists stimulate locomotor and stereotyped activity (El Yacoubi et al. 2000; Nagel et al. 2003) and reverse the locomotor suppression induced by DA antagonists (Hauber et al. 2001; Ishiwari et al. 2007 ). Furthermore, the adenosine A 2A receptor agonist CGS 21680 was shown to suppress locomotion when injected systemically (Mingote et al. 2008b) or directly into the NA (Barraco et al. 1993; Hauber and Münkle 1997) . Additionally, treatments that enhance DA neurotransmission, including systemic apomorphine treatment and DA transporter knockout mutation are associated with hyperlocomotion and stereotypy and consequently disrupt maternal behavior in rodents (Pereira and Ferreira, submitted for publication; Spielewoy et al. 2000; Stern and Protomastro 2000) . It is important to emphasize, however, that MSX-3 fully reversed the effects of haloperidol at dosage levels (0.5-1.0 mg/kg) that did not affect locomotion, suggesting that the effective dose range of MSX-3 for reversing haloperidol-induced deficits in maternal behavior is well below any potentially disruptive stimulant-like dose. The present results are consistent with previous findings demonstrating that adenosine A 2A receptor blockade can reverse the behavioral effects of D2 antagonism (Correa et al. 2004; Farrar et al. 2007; Hauber et al. 2001) . The mechanism by which adenosine A 2A antagonists reverse the behavioral effects of DA D2 antagonists is thought to occur at the cellular level. Adenosine A 2A receptors are almost exclusively co-localized with DA D2 receptors on GABAergic striatopallidal neurons, whereas adenosine A 1 and DA D1 receptors tend to be co-localized on striatonigral neurons (Fink et al. 1992; Schiffmann et al. 1991) . Converging evidence indicates that there is a functional antagonistic interaction between adenosine A 2A and DA D2 receptors that strongly modulates the function of GABAergic striatopallidal neurons. Specifically, there is evidence for the coexistence of two reciprocal antagonistic interactions between A 2A and D2 receptors in the same neuron: an antagonistic A 2A -D2 intramembrane receptor interaction, which depends on A 2A -D2 receptor heteromerization and G(q/11)-PLC signaling (Azdad et al. 2009) , and an antagonistic A 2A -D2 receptor interaction at the adenylylcyclase level, as both receptors converge onto the same intracellular signaling transduction mechanism (Ferré et al. 2008; Svenningsson et al. 1999) . In support of this, it has been shown that blockade of D2 receptors by haloperidol and other DA D2 antagonists, as well as activation of A 2A receptors, increases expression of c-Fos-IR in striatopallidal neurons of the NA (MacGibbon et al. 1994; Robertson and Fibiger 1992 ) that can be counteracted by blockade of A 2A receptors and activation of D2 receptors (Boegman and Vincent 1996; Pinna et al. 1999) .
Consistent with a functional interaction between A 2A and D2 receptors, recent behavioral studies have demonstrated that A 2A receptor blockade preferentially reverses the effects of D2, but not D1, antagonism on effort-related tasks Worden et al. 2009 ). These findings, together with binding studies demonstrating that, at the dose used in the present study, haloperidol is highly selective for DA D2 receptors (McCormick et al. 2010; Schotte et al. 1996; Zhang and Bymaster 1999) , strongly suggest that the disruptive effects of haloperidol on maternal behavior are primarily mediated by blockade of DA D2 receptors. This is further supported by studies showing that the D2 receptor agonist, quinpirole, reversed both the haloperidol-induced deficits in maternal behavior and haloperidol-induced c-Fos expression in striatal areas (Zhao and Li 2010) .
Considerable evidence suggests that the NA is an important locus at which DAergic manipulations influence active components of maternal behavior. The selective suppression of active maternal behaviors by systemic haloperidol is also observed in postpartum females following transient functional inactivation of the ventral tegmental area (VTA) (Numan et al. 2009; Seip and Morrell 2009) , depletion of accumbens DA (Hansen et al. 1991a,b) , and intra-accumbens administration of DA D2 antagonists (Parada et al. 2008; Silva et al. 2003 -although see Numan et al. 2005 ), but not after local DA depletion or antagonism in dorsal striatal sites (Hansen et al. 1991a; Keer and Stern 1999) . Given the role of accumbens DA in maternal responsiveness, coupled with evidence of direct D2-A 2A receptor-receptor interactions at the cellular level, the present results raise the possibility that NA might be an important brain locus for D2-A 2A receptor interactions involved in activational aspects of maternal motivation. This idea is consistent with a recent study demonstrating that systemic and intra-accumbens co-administration of MSX-3 reversed the behavioral effects and attenuated the local increase in c-Fos expression induced by intraaccumbens eticlopride (Farrar et al. 2010) . Ongoing experiments are being conducted to more precisely determine the anatomical locus of D2-A 2A receptor interactions in maternal behavior.
Conclusions
The present results indicate that MSX-3 can exert a relatively specific reversal of the effects induced by DA D2 receptor antagonism on maternal behavior. These results are in agreement with, and extend the findings of, previous studies demonstrating that DA and adenosine systems in the brain interact to regulate activational aspects of motivation. Adenosine A 2A receptor antagonists have been proposed as putative candidates to be used for the treatment of symptoms such as psychomotor slowing, anergia, and fatigue, which are evident in depression and other psychiatric disorders (Salamone et al. 2006 ). The present results suggest that adenosine A 2A antagonists may be potentially useful for ameliorating motivational disruptions in motherinfant interactions that are caused by postpartum depression or exacerbated by antipsychotic medications used clinically during postpartum to treat psychoses and schizophrenia.
